PM 2.5 , a particulate matter with a diameter of 2.5 micrometers or less, is one of the 25 major components of the air pollution in eastern China. In the past few years, China's 26 government made strong efforts to reduce the PM 2.5 pollutions. However, another 27 important pollutant (ozone) becomes an important problem in eastern China. Ozone 28 (O 3 ) is produced by photochemistry, which requires solar radiation for the formation 29 of O 3 . Under heavy PM 2.5 pollution, the solar radiation is often depressed, and the 30 photochemical production of O 3 is prohibited. This study shows that during fall in 31 eastern China, under heavy PM 2.5 pollutions, there were often strong O 3 32 photochemical productions, causing a co-occurrence of high PM 2.5 and O 3 33 concentrations. This co-occurrence of high PM 2.5 and O 3 is un-usual and is the main 34 focus of this study. Recent measurements show that there were often high HONO 35
shows the daily averaged concentrations of PM 2.5 and O 3 in the Beijing 147 region in 2015. The daily averaged concentrations show that there were strong daily 148 and seasonal variations for both the concentrations of PM 2.5 and O 3 . Despite the daily 149 variation, the concentrations of PM 2.5 existed a strong seasonal variation. For example, 150 there were very high concentrations during winter, with maximum of ~300 µg/m 3 . 151 While in summer, the maximum concentrations reduced to ~150 µg/m 3 . The seasonal 152 variability of O 3 concentrations were opposite with the PM 2.5 concentrations, with 153 lower concentrations in winter (< 50 µg /m 3 ) and higher concentrations in summer (> 154 150 µg/m 3 ). These seasonal variations of PM 2.5 and O 3 have been studied by previous 155 studies ( Tie and Cao, 2017; Li et al., 2017) . Their results suggest that the winter high 156 Atmos. Chem. Phys. Discuss., https://doi.org/10.5194/acp-2019-354 Manuscript under review for journal Atmos. Chem. Phys. (Seinfeld, J. H. and Pandis, 2006) . 162 163 In addition to the seasonal variation of solar radiation, the heavy aerosol 164 concentrations play important roles to reduce solar radiation, causing the reduction of 165 solar radiation and O 3 formation (Bian et al., 2007) . As we show in Fig. 3a , during 166 wintertime, the O 3 concentrations were strong anti-correlated with the PM 2.5 167 concentrations, suggesting that the reduction of solar radiation by aerosol particles 168 have important impact on the reduction of O 3 concentrations. Figure 3a also shows 169 that the relationship between O 3 and PM 2.5 was not linearly related. For example, 170 when the concentrations of PM 2.5 were less than 100 µg/m 3 , O 3 concentrations rapidly 171 decreased with the increase of PM 2.5 concentrations. In contrast, when the 172 concentrations of PM 2.5 were greater than 100 µg/m 3 , O 3 concentrations slowly 173 decreased with the increase of PM 2.5 concentrations. This is consistent with the result 174 of Bian et al (2007) .
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It is interesting to note that during late spring, summer, and early fall periods, the 177 correlation between PM 2.5 and O 3 concentrations was positive relationship compared 178 to the negative relationship in winter (see Fig. 3b ). This result suggests that O 3 179 production was high during the heavy haze period, despite the solar radiation was 180 greatly depressed. In order to clearly display this unusual event, we illustrate diurnal 181 variations of PM 2.5 and O 3, and NO 2 during a fall period (from Oct.5 to Oc. 6, 2015) .
182 Figure 4 shows that during this period, the PM 2.5 concentrations were very high, 183 ranging from 150 to 320 µg/m 3 . Under such high aerosol condition, the solar radiation 184 should be significantly reduced, and O 3 photochemical production would be reduced.
185
However, the diurnal variation of O 3 was unexpectedly strong, with high noontime 186 Atmos. Chem. Phys. Discuss., https://doi.org/10.5194/acp-2019-354 In order to better understand the O 3 chemical production occurred in heavy aerosol 198 condition in eastern Chine, the possible O3 production in such condition is discussed. The major process for the photochemical production of P we can see, this HOx production is proportional to the magnitude of solar radiation 219 (J 1 ), and J 1 is the O 3 photolysis with the solar radiation. Figure often higher to 50 ppbv (shown in Fig. 3 Where k 3 is the reaction coefficient of OH + NO 2 à HNO 3 . In order to quantify the individual effects of these two OH production terms (P1 and 290 P2) on the OH concentrations, the P1 and P2 are calculated under different daytime 291 HONO conditions (calculated low HONO and measured high HONO concentrations).
292 Figure 8 shows that under the low HONO condition, the P1 is significantly higher 293 than P2, and P2 has only minor contribution to the OH values. For example, the 294 maximum of P1 occurred at 13 pm, with a value of 65×10 6 #/cm 3 /s. In contrast, the 295 maximum of P1 occurred at 10 am, with a value of 15×10 6 15 #/cm 3 /s. However, 296 under high HONO condition, the P2 plays very important roles for the OH production.
297
The maximum of P1 occurred at 11 am, with a value of 350×10 6 #/cm 3 /s, which is 298 about 500% higher than the P1 value. It is important to note that this calculation is 299 based on the high aerosol condition (AOD = 2.5) in September. This result can 300 explain the high O 3 chemical production in Fig. 4 . In order to understand the effect of aerosol conditions, especially high aerosol 305 conditions, on the OH concentrations. Figure 9 shows the OH concentrations with and 306 without HONO production of OH. With including the HONO production (i.e., The measurement of O 3 also shows that the concentrations in winter were always low 324 (see Fig. 2 ), suggesting that the O 3 concentrations were not significantly affected by 325 the appearance of HONO. Figure 10 shows 350" 2 0 1 5 / 1 / 1 " 2 0 1 5 / 2 / 1 " 2 0 1 5 / 3 / 1 " 2 0 1 5 / 4 / 1 " 2 0 1 5 / 5 / 1 " 2 0 1 5 / 6 / 1 " 2 0 1 5 / 7 / 1 " 2 0 1 5 / 8 / 1 " 2 0 1 5 / 9 / 1 " 2 0 1 5 / 1 0 / 1 " 2 0 1 5 / 1 1 / 1 " 2 0 1 5 / 1 2 / 1 " ug/m3" Date" 30" 1" 2" 3" 4" 5" 6" 7" 8" 9" 10" 11"12"13"14"15"16"17"18"19"20"21"22"23"24" OH"(#/cm3"x"E55)"
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